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FIGURE 10.1 Sections through Mount St. Helens showing early
development of rockslide-avalanche into three blocks (I, II, III) and
explosions emitted primarily from block II. Fine stipple, preexisting
domes; coarse stipple, 1980 cryptodome.

previous summit began to feed an ash-rich density flow (pyro-
clastic surge) that moved downslope primarily to the north.
Ash clouds billowed up from the moving surge, which overtook
the landslide about 6 km north of the summit and hence ob-
scured further landslide movement and subsequent events within
the developing amphitheater crater. The hot pyroclastic surge
moved primarily west, north, and east for 15 to 25 km, blowing
down trees over an area of 600 km2 and leaving a thin layer
(averaging about 30 cm thick) of surge deposits (see Figure
10.2).

Military satellite data, which became available subsequent
to the initial investigations of the May 18 eruption, yield new
insight into the explosive events. These data provide well-
timed displays of the cloud margins and improve our knowledge
of the absolute timing of many photographs taken from different
vantage points.

PHOTOGRAPHIC MEASUREMENTS

Although automatic time-lapse cameras north of the crater were
destroyed by the eruption, valuable photographic records were
made by survivors beyond the limit of blast destruction. Among
the most useful are those by Gary Rosenquist from 17 km
northeast of the crater, those by John Christiansen and Vince
Larson from Mount Adams (53 km east), those by Paul and
Carol Hickson from 15 km east, and a videotape by Ed Hinkle
from Silver Lake (48 km west-northwest). The timing of these
photographs can be estimated by early onsite measurements;

by comparing cloud morphology between photographs; by
comparing these times with the events shown on the videotape,
which is internally timed but has an indefinite absolute begin-
ning; and by correlating photographs and satellite images. The
onsite measurements include the seismically recorded initial
earthquake (15:32.2 UT) as well as the taped message of Gerry
Martin, located 12 km to the north (Figure 10.7). Martin re-
ported the earthquake and observed Coldwater II camp (10 km
north) covered by the surge at 15:34.0-15:34.2; his radio trans-
mission was cut at 15:34.3. The videotape shows the summit
and south flank only; it indicates that the surge that swept the
south flank emerged from the crater at 15:33.7, was well de-
veloped at 15:33.8, and reached the south base of the cone by
15:35.1. The videotape also shows a major collapse of the south
crater rim at 15:33.4. This timing, provided by Stephen Malone
(University of Washington, written communications, 1980, 1981),
is preliminary and subject to revision. Timing of the first 0.5
min is based in part on the analysis of the Rosenquist photo-
graphs (Voight, 1981).

The photographic record indicates that, shortly after the
earthquake at 15:32.2, landslide failure began and the north
flank of the volcano broke into two giant blocks (designated
blocks I and II in Figure 10.1), which moved north at velocities
of 50 to 80 m/sec (Voight et al, 1981). About 30 sec after
detachment, explosions were emitted from the top and toe of
slide block II (Figure 10.1). These explosions intensified, co-
alesced, and fed a rising ash cloud and a northward-moving
pyroclastic surge. The most vigorous explosions emanated from
the steep toe of block II, which itself was moving as part of
the landslide.

The timed photographs from Mount Adams (see Figures 10.3
and 10.4) show the movement of the pyroclastic surge and the
development of ash clouds rising from it. The surge moved
north in excess of 90 m/sec (see Figure 10.5), somewhat faster
than the avalanche, which had a headstart of about 3 km, and
overtook the avalanche toe at about 15.33.8, 8 km north (all
distances are measured from the post-May 18 southern or back
rim of the crater). At about 12 km north the surge accelerated
to some 150 m/sec but then began slowing to less than 100
m/sec after reaching 20 km north.

The small pyroclastic surge that swept down the south flank
was much slower, traveling at about 30 m/sec (Figure 10.5).
We believe it was fed from explosions originating behind (south
of) block III, which completed its detachment at about 15:33.4.

The Mount Adams photograph taken at 15:35.0 (Figure 10.3D)
shows the abrupt appearance of a dark horizontal atmospheric
cloud 14 km long (north-south) at an elevation of 6.5 km that
was not present in previous photographs. This cloud, which is
higher than the rising ash clouds, is interpreted as a conden-
sation layer resulting from a pressure pulse that rapidly drove
a nearly water-saturated atmospheric layer below the dew point.
The rapid development of this cloud is apparent from several
different series of photographs. The initial dark condensation
cloud was centered about 8 km north (Figure 10.4), and the
disturbance that produced it was probably beneath its center.
The fact that the earlier explosions at the head of the avalanche
did not disturb the overlying atmosphere suggests that this
later northern disturbance was of greater magnitude. Subse-